Objective: This study aimed to evaluate compliance with guidelines on hand hygiene by examining five handwashing categories in postgraduate year (PGY) dentists at a university teaching hospital and to evaluate the accuracy rates of handwashing. Methods: Through direct observation, trained PGY dentists were monitored throughout their daily care routine of before contact with patients, before using an instrument, after contact with patients, upon direct exposure to patients' fluids, and while touching the patients' surrounding area. Hand hygiene opportunities were considered complete in each category. A total of 16,597 hand hygiene opportunities across 37 individuals were observed from July to October 2012 and from September to October 2013. Results: The overall handwashing compliance rate was 34.7%. The handwashing compliance rate was higher during work in oral surgery services (92.8%) than during work in general clinical practice (34.2%). The accuracy rate of handwashing was also higher during work in oral surgery services (87.5%) than during work in general clinical practice (51.0%). Similar results were obtained across all five handwashing categories. Conclusions: Handwashing compliance and accuracy rates are low in PGY dentists. More education and continuous monitoring are suggested to improve handwashing compliance, as well as the correct handwashing procedures for dentists.
Introduction
The hands of dental healthcare workers may serve as a reservoir for pathogens, 1 including multi-resistant strains. 2 Therefore, hand washing is thought to be one of the most effective practices for preventing transmission of healthcare-associated infection. A few hand hygiene education programs have demonstrated successful infection control. 3, 4 Improving hand hygiene is an essential intervention for achieving patients' safety goals in hospital facilities, including oral healthcare settings.
New approaches to monitoring hand hygiene have been suggested by recent epidemiological studies that include direct observation, self-reporting by healthcare workers, measurement of hand hygiene product use, and electronic methods. 5 Direct observation has been considered the gold standard method for measuring hand hygiene compliance. 6 Low hand hygiene compliance remains a major issue in dentistry. Poor hand hygiene compliance by dental healthcare professionals in a dentistry healthcare facility has been reported in previous studies. [7] [8] [9] Numerous studies have examined adherence to hand hygiene compliance among healthcare workers 10 and dental professionals, including students who had graduated. 4, 7, 8 However, information on the differences in hand hygiene compliance by different hospital settings is limited, particularly in oral healthcare settings. Because differences in patients' care might affect hand hygiene requirements, hand hygiene opportunities (HHOs) could vary across various clinical settings. Previous studies have shown that hand hygiene adherence varies by provider and unit type, [11] [12] [13] [14] but few studies have emphasized hand hygiene compliance of dentists in dental-related units.
Moreover, less attention has been paid to measure inaccurate hand hygiene before and after performing a clinical procedure.
Inaccurate hand hygiene performance might increase the risk of infection even if hand hygiene compliance is high. Therefore, this study aimed to assess the importance of monitoring and measuring global hand hygiene compliance, as well as to assess accurately performed hand hygiene during a series of successive contacts with patients or the surrounding environment in the oral healthcare setting.
Materials and methods

Study design
An observational study was carried out in 37 postgraduate year (PGY) trained dentists within a university hospital's attached dental care unit. Hand hygiene monitoring was performed without the knowledge of infectious professionals among PGY dentists of a university teaching hospital.
The PGY dentists were observed for handwashing before and after each clinical procedure during their daily work. This study was intended to assess the correct way for dental professionals to clean their hands and to identify hand hygiene adherence by PGY dentists. The study was certified as exempt from institutional review board review by the Research Ethics Committee of the Taipei Medical University Hospital. Informed consent was also waived.
Setting
The study was performed in a dental care unit within a 700-bed teaching hospital. All dentists and dental assistants work in the Department of Dentistry. Compliance with infection control opportunities in the areas of 50 dental chairs and two oral surgery chairs was investigated. A working committee was responsible for the processes of recruitment, training, and selecting peer auditors. The training program of hand hygiene observers was provided by an educator from the Infection Control Department and it was conducted before the investigation. Compliance with correct hand hygiene was audited by well-trained peer observers.
Definitions
HHOs were defined according to Your Five Moments for Hand Hygiene strategy, which include before contact with the patient, before aseptic tasks, after body fluid exposure risk, after contact with the patient, and after contact with the patient's surroundings. 15 In the current study, these moments were categorized into five groups, including before contact with the patient, before using an instrument, after contact with the patient, upon direct exposure to the patient's fluids, and while touching the area surrounding the patient.
Each HHO was considered complete if handwashing or hand rubbing with alcohol was performed. Infection control compliance in each opportunity of a PGY dentist during clinical procedures was observed by a trained observer. Hand hygiene compliance was calculated as the number of hand hygiene episodes performed per number of opportunities. The accuracy rate was determined by the percentage of actual HHOs in which the infection control procedure was correctly performed in adherence with hand hygiene.
Data collection
Observations were conducted and scheduled in a 3-hour session of a single dental chair room and a dental surgical unit from July to October 2012 and from September to October 2013. For each observation, a standardized form was used to record each interaction between the dentist and patient and the number of HHOs for each interaction. The same observation form was used in 2012 and 2013. A total of 16,597 opportunities for hand hygiene compliance across 37 individuals were observed. No identifying information of the patients was recorded.
Statistical analysis
The data were entered into a web-based database using a data entry form. Descriptive statistics were used to examine the data. Comparison of compliance rates and accuracy rates was performed by using the chi-squared test. All statistical analyses were performed with SAS 9.4 (SAS Institute, Cary, NC, USA).
Results
Compliance with hand hygiene is summarized by category in Table 1 dentists were 34.7% compliant across the 16,597 HHOs observed. The category of before contact with the patient had the highest amount of HHOs and a 29% compliance rate was reached. The category of before using an instrument showed the lowest compliance rate (26.2%) among all hand hygiene categories. For categories of HHOs occurring during and after exposure to the patient (after contact with the patient and upon direct exposure to the patient's fluids), the compliance rate was 28%. The highest compliance rate (32%) was observed in the category of touching the area surrounding the patient.
In the category of before contact with the patient, the highest rate of hand hygiene accuracy (69.5%) was observed, and the category of before using an instrument had a 66.9% accuracy rate. The accuracy rate was 67.9% in the category of touching the area surrounding the patient. Notably lower rates of accuracy were observed in the other categories (after contact with the patient and upon direct exposure to the patient's fluids). Table 2 shows comparison of hand hygiene compliance rates between general clinical practice and oral surgery. Significantly higher hand hygiene compliance rates were observed during oral surgery than in general clinical practice (P < 0.0001). Similar findings were found in all five handwashing categories. Handwashing compliance rates of 100% were found in oral surgery in the categories of before using an instrument and upon direct exposure to the patient's fluids. Table 3 shows comparison of hand hygiene accuracy rates between general clinical practice and oral surgery. The hand hygiene accuracy rate observed in oral surgery was significantly higher than that observed in general clinical practice (P < 0.0001). Similar findings were observed in all five handwashing categories.
Discussion
High compliance of infection control practices is required to prevent transmission of microorganisms between patients and dental workers. A clear understanding of the transmission process through the hands is crucial for success throughout the learning process. 5 Using recommended infection control practices, we investigated not only dentist's compliance, but also accurate hand hygiene in a university hospital dental clinic in Taiwan. The accuracy of hand hygiene has seldom been addressed in previous studies. 16 This study showed that both compliance and accuracy for hand hygiene were different according to dentist's work location. With particular focus on young PGY dental residents, we applied the guidelines in Your Five Moments of Hand Hygiene from the World Health Organization in a dental healthcare setting to evaluate compliance rates and accuracy rates of handwashing in a dental clinic's teaching hospital. Although the Department of Oral Surgery had a 93% adherence rate to handwashing, the general dental clinic showed an inferior adherence rate (34.2%) compared with previous studies conducted in countries, such as Brazil (approximately 50%) 7 and Canada (approximately 76.0%). 4 The lower adherence in the current investigation might be due to the several following reasons. Barriers in handwashing equipment or products used for hand hygiene could be one of the possible reasons for lower compliance of hand hygiene in general dental clinics. This issue should be further explored or improved if these reasons are true. Insufficient intervention using a hand hygiene compliance program is another general problem. Moreover, monitoring for hand hygiene performance is not undertaken routinely as part of quality assurance for patients' safety. Hand hygiene among young dentists was still low in this study, and much improvement is required to keep patients safe from healthcare-associated infections. Further research is required to investigate problems associated with hand hygiene and to design interventions to improve hand hygiene adherence in the dental healthcare setting. In our study, there was a better compliance rate for handwashing in oral surgery services than in the general dental practice. This finding could be explained in part by the high workload that is usually encountered in oral surgery services. Hugonnet et al. 12 found that patients in the intensive care unit generate a heavy workload and require more frequent hand hygiene than patients in other departments. Another possible explanation is that oral surgery services are associated with a higher proportion of aseptic procedures and risk of body fluid exposure than general dental clinics. Our finding is consistent with previous research in which the rates of HHOs in the intensive care unit were higher than those observed in medical units. 13 Another interesting observation in our study is that approximately half of the PGY dentists washed their hands incorrectly during their work in general dental clinics. However, the handwashing accuracy rate during work in the department of oral surgery was 87.5%. Because our investigation targeted the same population, the accuracy rate of handwashing should be consistent. The high handwashing accuracy rate in oral surgery services shows that young dentists are capable of carrying out hand hygiene correctly, but are sometimes reluctant to use the correct method of handwashing in general dental clinics. Despite the possible reason for lower risks of infection in general dental clinics as mentioned above, dentists need to treat many patients because dental care is covered by nationwide health insurance in Taiwan. Therefore, a tight schedule for visiting patients might cause this phenomenon. Additionally, this study focused on determining handwashing compliance by using five handwashing categories. In general dental practice, handwashing compliance was higher when dentists were touching the area surrounding the patient, but compliance was lower before dentists used an instrument. The inconsistent compliance rates across different handwashing categories indicate that hand hygiene intervention programs separated by different handwashing categories are required.
Dental healthcare professionals need to demonstrate adherence to good hand hygiene practices during all aspects of a patient's care. Particularly, we should pay more attention to well-performed handwashing in general dental clinical practice. Monitoring by direct or electronic observations should be undertaken routinely as a part of quality assurance for patients' safety. Hand hygiene training campaigns and compliance programs should be conducted early in dental training and more frequently during PGYs for dental healthcare personnel.
There are several limitations in our study. First, investigations were performed during certain periods. The time of day in clinical practice was also not recorded. Therefore, we cannot determine potential time or seasonal variations in HHOs. Second, inter-rater reliability was not assessed in this study. Third, our data were collected at a single site. Therefore, our results might not be applicable to other hospitals. More research is required to validate our results in different specialized care areas.
Conclusion
In conclusion, handwashing compliance and accuracy rates for PGY dentists are low. Handwashing compliance and accuracy rates are highly dependent on the location of work of the PGY dentists. Procedures for monitoring compliance are required in the dental healthcare setting. More education is required to improve compliance, with particular emphasis on correct handwashing procedures.
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